We investigated the elastic scattering of high energy neutron by deuteron, using the two-body scattering amplitudes and the deuteron wave functions calculated making use of the meson theoretical potential.
Progress of Theoretical Physics Vol. 21 (Received January 5, 1959) We investigated the elastic scattering of high energy neutron by deuteron, using the two-body scattering amplitudes and the deuteron wave functions calculated making use of the meson theoretical potential.
We found that (1) the impulse approximation can well reproduce the experimental result of the differential cross section in the region 0;:;:90° near 100 Mev neutron energy, (2) the phase shifts of nucleon-nucleon scattering and the deuteron wave function derived by using meson theory may give the best fit among others, and (3) the impulse approximation will also be expected to well reproduce the polarization at small angles. The experiment of the polarization may serve as a further test for discriminating various sets of phase shifts of nucleon-nucleon scattering. § 1. Introduction In connection with the problem of n-d scattering, Chew 1 ) first presented the impulse approximation. The fundamental assumptions underlying in this approximation are as follows: (1) the collision time is very short when it is compared with the internal period of the deuteron; (2) the wave function of the incident neutron at one of the two scattering centers in the deuteron is not appreciably perturbed by the presence of another center. This is due to the diffuse structure of the deuteron. Then the three-body problem is reduced to a superposition of the two-body problem. But, since the perturbation of the incident wave is not so small, the Born approximation may not be used. The amplitude of n-d scattering is therefore, described as the sum of the "true" two-body scattering amplitudes. This is the basic idea of the impulse approximation. The merit of this approximation is that two-body scattering amplitudes are treated as the empirical quantities. Besides these quantities, we have only to adopt some form as the momentum distribution of the target nucleus.
In fact, the remarkable developments in the scattering theories in recent years were brought out by this simplification. As many experimental analyses on the two-body scattering have shown, the potential acting in a nucleon-nucleon system is not so simple. Not only that its radial part is not monotonic as inferred from the low energy data, but also it depends on the states of the two particles. This fact made it difficult directly to introduce the two-body potential to the many-particle problems.
But in the impulse approximation, this difficulty is overcome, since we describe the two-body interaction not with the potential itself but with the experimental phase shifts. Of course, these experimental phase shifts of the two-body scattering are determined only with the aid of some assumed phenomenological or meson theoretical potential.
In calculations of the many-body problems, however, the direct use of the two-body potential is considerably laborious compared with the use of the two-body phase shifts. (The main reason for this difference is found in the neglect of the non-diagonal part of the "t-matrix" in the latter case. * In the two-body scattering, the I-matrix always has only diagonal elements since the momentum is conserved in the center of mass system of the two-body. In the many-particle system, however, this is not the case. As for the application of the impulse approximation, theoretical justification of this point has not been tried so far. This will be discussed in a forthcoming paper.)
After the impulse approximation had been developed by Chew and his collaborators 2 ), it was applied to the nuclear many-body problems. Watson and others3) applied it to nuclear scattering problems. Eiesenfeld and Watson 4 ) showed that phase shifts of the elementary scattering are related to the optical potential in nucleonnucleus scattering. Brueckner and others") applied this approximation to the theory of nuclear structure and succeeded in explaining the nuclear saturation. These theories owe their successes to the tractability of the impulse approximation.
However, the applicability of this approximation to many-body problems must be examined in many respects. Part of this examination, e.g. the examination of the many particle scattering correction, was discussed by several authors, but the validity of this approximation has not been examined yet in its simplest aspect. This means that the validity of the impulse approximation is not examined yet in n-d scattering, the simplest of the many-body problems. Qualitative examination shows that this approximation is reasonable at least when it is applied to n-d scattering, as it was noted by Chew. Then it seems important to examine quantitatively the validity of this approximation in n-d scattering, because if this approximation should be found to be quantitatively unsuccessful even in its application to the n-d scattering, there would be no hope in its application to the many-body problem.
Unfortunately in those days when Chew put forward the idea of the impulse approximation, we had not any knowledge on the phase shifts of the elementary scattering, although experimental results on the cross section of the elementary scattering were being accumulated. This made it impossible to test the idea of the impulse approximation in the nucleon-deuteron scattering. (Chew 6 ) tried to test this approximation m n-d scattering using the known data on the cross section,
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but he could not use the phase shifts of the two-body scattering, hence his trial was incomplete.
Comparison of Chew's result with that obtained by using the phase shifts was made in our previous note. 7 » In recent years the data on jJ-n or i>-P scattering were analysed by using the phenomenological 8 ) or the semi-phenomenological potentiaP) in the energy region up to 310 Mev and by using the meson theoretical potentiapo,1l,12) up to 150 Mev. On the other hand, Wolfenstein et aP3, 14) analysed the scattering spin matrix between particles of spin 1/2, and \Vright 15 ) expressed its coefficients by the phase shifts of nucleon-nucleon scattering. Now we can check the validity of the impulse approximation, making use of these results. Naturally, the first attack should be made to the reproduction of the experimental result of the high energy nucleon scattered by deuteron.
Here we should note the following. We now have a few sets of the phase shifts.8~12), 16) It is expected that analysis of the nucleon-deuteron scattering may serve to the discrimination of the nature of these sets. Thus the purpose of the present paper is laid on the following two points: (1) the experimental check of the impulse approximation in the nucleon-deuteron scattering and (2) the discrimination among a few sets of phase shifts. In the previous note,7) we found that the impulse approximation can reproduce surprisingly well the angular distribution of the elastic scattering of proton by deuteron.
The difference between the phase shifts calculated by making use of the meson theoretical potentiapo,1l,12) and the phase shifts calculated by using the phenomenological 8 ) or semi-phenomenological potentiafJ) was discussed in detail by Otsuki et aPO,1l,12) They showed that different sets of phase shifts of nucleon-nucleon scattering calculated by various authors could reproduce the experimental data (cross section and polarized cross section) in quite differerent ways. (The main difference between the phase shifts analysed meson theoreticallylO,1l,12) and those analysed phenomenologically8) is found especially in the apAJ=O, 1, 2), 3 3Sr, 3D 1 -state phase shifts and the mixing parameters EAJ = 1,2). At 901Vlev nucleon energy, which is of interest to us, the dominant contributions to the cross sections of the nucleon-nucleon scattering as well as the n-d scattering are determined by the aboved phase shifts and the above mixing parameters. In spite of this situation in the nucleon-nucleon scattering, we pointed out in our previous note 7 ) that the calculated values of the differential cross section of the n-d scattering give similar results for the two sets of phase shifts, given by separate authors. Nevertheless, in high energy n-d scattering the interference terms between n-n and n-p scattering and the nature of the sticking factor is important when we compare the calculated differential cross section divided by the sticking factor.
The manner of interference and its magnitude are quite different for various sets of phase shifts. * The reason why we obtained quite similar results
for both sets of phase shifts is found in the fact that the sticking factor acts to * See Fig. 6 of the present paper.
mask the difference between the various sets of phase shifts. * F or the purpose of discriminating phase shifts, then, the reproduction of the differential cross section of the elastic p-d scattering would not be suitable. So we added the calculation of the polarization. It might be expected that in the polarization the effect of the sticking factor is weak and the interference terms between n-n and n-p scattering would appear explicitly. Then the calculated result of the polarization may, when it is compared with the experimental one, serve as a tool to decide the more reasonable sets of phase shifts of nucleon-nucleon scattering. Strictly speaking, at large scattering angles, where the effect of the sticking factor is reduced and the interference effect becomes important, the impulse approximation itself is certainly not applicable. However, we are encouraged by the surprisingly good result of reproducing the differential cross section to large angles on the basis of the impulse approximation. This was the motive of our calculation of the polarization. The result of the polarized cross section is reported in another note 17 ) by one of the authors. The present paper is devoted to the detailed descriptions of these two previous reports. 7 ,17) Theoretical investigations of the impulse approximation, for example, the investigation of the effect of the non-diagonal part of the t-matrix, etc., are now 111 progress. § 2. Scauering spin matrix Wolfenstein and Ashkin
13
) and Dalitz 14 ) gave the expression for the scattering spin matrix between particles with spin 1/2 in terms of some quantities which are invariant with respect to the space rotation and reflection and time reversal. It is
where As and A 7 , are the projection operators into the singlet and the triplet spin states of the two-body spin wave functions. B, C, D,H, G and .LV are functions of the incident energy and the scattering angle. Naturally, the expressions for these letters are different for the scattering between like particles and for that between unlike particles. The suffices 1 and t refer to the incident and the target nucleons respectively. n, hand p are three mutually perpendicular unit vectors defined by
XkjJ .
* There we adopted a fixed form as the sticking factor. where k i and k f are the momenta of the incident and scattered nucleons 111 the center of mass system, respectively. Wolfenstein 18 ) showed that the term D in the scattering spin matrix cannot be present if the nuclear force satisfies the requirementof charge symmetry. Taking the direction of the incident beam to be z-aXIS and that of n to be y-axis in the right-hand system, and designating the angle between k i and k f to be 8, AI is expressed as*
B, C, etc., in the scattering spin matrix were expressed in terms of the nucleonnucleon scatering phase shifts by vVrighe 5 ) and Stapp et aI, 19) The relations between Wright's expression and that of Stapp and others were discussed by Goldberger et a1. 20 ) We shall use Wright's expression throughout this paper. **,*** § 3. Cross section for n-d elastic scattering
In this section we reproduce the impulse approximation originally put forward by Chew. Our aim in this section is to give discussions on some approximations which will be adopted later to reduce some complicated formulas to the final tractable forms. These approximations are based on the physical intUItIOn. Here after we name the incoming neutron 1, and the neutron and the proton in the deuteron 2 and 3, respectively.
The differential cross section for the n-d elastic scattering is given by
(3·2)
* The authors are indebted to Dr. T. Sawada for discussions on Wright's expression. ** In the preprint which was sent to us from Dr. J. Sawicki in the course of our finishing touch of the present paper, the n-d scattering amplitude is expressed in terms of the n-n and n-p scattering amplitudes in the form of Stapp et al. We wish to thank for his sending his manuscript to us before publication and for his communications. In the course of the present work, Dr. L. S. Singh also informed us of his work on the n-d scattering.
*** The differential cross section and the polarized cross section for the nucleon-nucleon scattering can be expressed, using (2 ·1) and (2· 11) as and
where Xi are the two-body spin wave functions. W: the exact solution of the three-particle scattering problem.
According to the basic idea of the impulse approximation, which was described in the beginning of this paper, (3·2) is approximated by X's are well-known spin functions of the three-particle system: four of them are quartet states and the remaining two are doublet states which are symmetric about 2 and 3. ,~means the integration over momenta and the sum over spin states.
After explicit calculations of (3· 3), ((/)1 (1, 23) , ~m,) multiplied by (~n, (/)i (1, 23) ) constitutes the sticking factor. Then the scattering matrix becomes very simple and tractable: it is represented by the sticking factor times the sum of the scattering amplitudes of two-body interactions. (See (3· 20) .)
To reach this simple form, however, some additional assumptions should be introduced. First of all, we neglect the contribution from the I)-state of deuteron. This neglect is justified because of the fact that the D-state probability of deuteron is very small. H ulthen et al. 21) obtained by the variational method that the Dstate probability of deuteron is 4%.
Iwadare et aP2) estimated it to be 6.4% making use of the meson theoretical potential. In any case, the contribution from the D-state of deuteron is expected to be very small even at forward direction. The neglect of the contribution from the D-state of deuteron is the first step of simplifying the expression (3·3). Of course, this neglect is not basic to the impulse approximation, but terms to be computed are much reduced without introducing a serious error by this neglect. This makes the final form very simple together with further approximations which will be introduced later. We shall give numerical estimates of the contribution from the D-state in § 5.
After this first subsidiary assumption, (3·3) becomes
Here and
Next approximation we wish to introduce is the neglect of the contribution from ~ UP/, ~m') (~m/' V13l\/J12SbrJ (¢n', ifJ/) jn calculating the forward scattering.
7n n \Ve neglect this term because this term can never be expressed by the phase shifts of the two-body scattering and this makes estimating of the term not easy.
The neglect of this term may perhaps not lead to a serious error, since the contribution from this term is mainly expected to the backward. ]'his was examined by Wu and Ashkin
23
) by using the Born approximation.
On the contrary, a part of the contribution from 2.J(P/, ~m') (~n" V I2 P 12Q12¢n)
'i.U:n X (¢n', ifJ/) can be described by the phase shift of the two-body scattering. Hence we take account of this part, although this part also is expected to give rise to the backward scattering. Then we start from the approximated form for Xj,i:
111"n
The interaction V 12 (1 -P12012) can be expressed as
where AI' and As are the triplet and singlet projection operators, respectively. Then
where
At first sight, one may think that
rn would be the scattering spin ma.trix of two like particles 1 and 2, which was given by (2 ·1). In order to identify the expression (3·8) with the scattering spin matrix (2 ·1), however, one must introduce further assumptions, to which we shall proceed. F or this purpose, we shall calculate the spatial part of the matrix element in X j . i in a more explicit form. After some obvious calculations, which we do not describe here,
where Now we shall introduce a fundamental assumption that only one component, say ku, is important of k2 in the interaction factors; (3·11) and (3 ·12) m (3·9) and (3 ·10), respectively. This assumption was originally introduced by Chew.
I )
Meanwhile, we shall discuss this assumption. We treat here the three-body problem in the center of mass system. The initial wave number k i of the incident particle 1 is equal to paralld and opposite to k2 + dr 3 : k2 IS most likely parallel to kg with equal magnitudes. Hence we take kll as Besides this assumption, we introduce another important assumption that we are interested in the forward scattering; (3 ·15) By introducing this assumption, the off~energy 'shell contribution from (3 ·11) and (3 -12) is dropped. Consequently, (3 ·11) and (3 ·12) can be expressed in terms of the phase shifts of the two body scattering. Besides, we can calculate (3 ·11) and (3 ·12), using the phase shifts of two body scattering of just equal incident energy to the energy of the incident particle in the three body scattering. This is due to the relation, [2, Eq. [2 , where Hence (3·17)
Here M12 is (3, 8) , but now it is the scattering spin matrix of two particles 1 and 2, which is given by (2 ·1 If we adopt some form as the sticking factor, then the calculation is made straightforwardl y. § 4. Polarhed cross section of n~d scattring
The polarized cross section of n-d scattering is given by under just the same assumptions as described in § 3.
In terms of the coefficients of the two-body scattering spm matrix, eq. In the previous sections, we showed that the elastic cross section of the n-d scattering and the polarized cross section can be expressed as a product of the sum of the scattering amplitudes of the two-body scattering and the sticking factor. To calculate the scattering amplitudes of the two-body scattering, we require the knowledge on the phase shifts. In the present paper, we adopt the phase shifts analysed by Tamagaki et al. and that by Gammel and Thaler. Naturally, we should assume the compatible form as the deuteron wave function in the sticking factor with the phase shifts which we intend to adopt. In this sense, we assume the deuteron wave function appearing in the review article of I wadare et aP2) The results of numerical calculations of the cross sections will be given in the next section.
(1) Effect of the hard core
Before showing the explicit numerical example of the sticking factor with the hard core and without it in the deuteron wave function, we shall briefly examine it takes the maximum value at 1,1 X 10--13 cm. Since the radius of the hard core is expected to be about 0.4 X 10-13 cm or so, the presence of the hard core will
give only small effect to the sticking factor at the energy under consideration. Although, for the backward scattering, the hard core may give some effect, our concern IS limited mainly to the forward direction, as discussed in the previous sections. Next we shall estimate the effect of the hard core directly. It will be proved that the above discussion is the case. Since the meson theoretical deuteron wave function is somewhat complicated, we shall estimate the effect of the hard core assummg the wave function resembling the meson theoretical one. This is as follows.
(I) The deuteron wave Junction with the hard core 24 ).
We adopt the following form as the deuteron wave function with the hard core.
Here
rc is the core radius and it is taken to be 0.4 X 10-13 cm. We shall adopt the following constants.
p'=p-2rc=0.90 X 10-- 13 cm, p: the triplet effective range, 1,7 X 10-13 cm.
On using the wave function (5·3), the square root of the sticking factor becomes * After completion of the manuscript, experiments on high energy pod scattering at several laboratories were reported. We shall designate the square of (5·4) be Sr and that of (5·6) be Sl[' The result of comparison of Sr with SrI is tabulated in Table I . For H::;120° the difference between S1 and Su is about 5% at most. Table I Comparison of sticking factors with the hard core (Sf) and without the hard core (SII). S1 is given by (5·4) and Sn is given by (5·6). The above estimate was made by using the wave fun 'Jtion different from the meson theoretical one. But the difference would not be so serious for the estimation of the hard core effect. (See discussions in (4) of this section). Hence we can conclude that the presence of the hard core in the deuteron wave function is not important for the calculation of the n-d scattering cross section near and below 100 Mev neutron energy.
The presence of the hard core gives the additive contribution at forward directions, but the negative contribution at backward directions.
(2) Effect of the D-state in the deuteron wave function
As discussed in § 2, we neglect the D-state in the deuteron wave function, because the D-state probability is about 6% or so. If we take into account the S-D coupling term, the expression for the cross section is not so simple as (3·20) or (4 ·1). Nevertheless, we can estimate the contribution from the S-D coupling term.
The wave function from the D-state of the deuteron is in general a linear sum of terms, whose angular parts are characterized by Y2M(H, Cf). Here iti is the z-component of the angular momentum and takes the value from -2 to + 2.
However, for the S-D coupling term, we should only take into account the term that is characterized by 111=0. This is due to the conservation of the z-component of the angular momentum. Hence we only consider the terms whose spatial part IS given by Here }2 is the spherical Bessel functiGn of the order 2. In Fig. 2 , the absolute value of (5·7) is compared with the E:quare root of the sticking factor correspondmg to the S-state deuteron wave funstion of (5 ·1). (5·7) is estimated also using the meson theoretical wave function (5·1). From this figure, one can expect that the contribution from the S-D coupling term is very small at small angles. The ratio of the absolute value of (5·7) (Curve M s -J ) in Fig. 1 ) to the square root of the sticking factor corresponding to the S-S term (Curve M,s-s in Fig. 1 
=0.42(M s -n/M,.;;-s) .
(5 ·8)
Hence the error will not be more than about 1.9% at 30°, 4.4% at 45° and 15%
at 60°, when we drop the S-D coupling terms from our numerical calculation. As the sign of the expression (5·7) shows, the contribution from these terms makes the calculated cross section smaller v (3) Reliability of using the Sstate wave function of (5 ·1) From the considerations made m (1) and (2), we can estimate the reliability of using only the S-state wave function of (5 . 1) to calculate n-d scattering. In Table  II table shows that the error is not greater than 1% for O;S30°, and not greater than 10% for 40°,:SfJ;S60°. But at 90° the error may amount to about 26% when we use 8,<;-s to calculate the n-d scattering cross section. The sticking factor which we adopted in the previous note. 7 ) (IV); The sticking factor adopted by Chew. 25 ) (V); The sticking factor obtained from the wave function due to Hulthen and Sugawara. 21 ) Ss--s; The sticking factor obtained from the meson theoretical wave function u in (5 ·1).
Here the S-state probability is taken to be 93.6% whereas in (I) ~ (V) this is assumed to be 100%. (4) Various forms of the deuteron wave functions Although our Dnal numerical calculations are performed by using the wave function (5 ·1), we shall examine various deuteron wave functions assumed by several authors. The form of these wave function are the same as (5·5) but constants are different from each other. We shall compare various sticking factors calculated from various deuteron wave functions. ;1=7a=2.261 X 10 13 em-I.
(IV) The wave function adopted by Chew 25 ) ;1= 5.476a = l. 76 X 10 13 em-I.
(V) The wave function adopted by Hulthen and Sugawara 21 ) a=0.2317 X 10 13 em-I, ;1=5.751a=l.332 X 10 13 em-I.
These sticking factors together with the sticking factor obtained by usmg the One reason is that in Curve Ss-s, the S-state probability is taken to be 0.936, whereas in other curves this is assumed to be 1. Adjusting this factors one will see that Curve (I) or (II) is very similar to Curve 8,<>-8. This justifies the estimation made in (1), where the hard core effect is estimated using (I) and (II) instead of using the proper wave function based on the meson theoretical potential with the hard core. This figure shows also that if we do not use the proper sticking factor, the error amounts to large values. As discussed in ~ 3, under some simplifying conditions the cross section and the polarized cross section can be expressed by the product of the sum of the twobody scattering amplitudes and the sticking factor. To calculate the sum of the scattering amplitudes of nucleon-nucleon scattering, we use the phase shifts found by Tamagaki et aPOJ--12 J . As the deuteron wave function in the sticking factor, we use the form given by (5 ·1). Thus the phase shifts and the sticking factor we used are compatible. Contributions from the S-1) and D-D coupling terms and the hard core in the deuteron wave function is neglected. This is justified by discussions developed in detail in the previous section.
(a) Diflerential cross sections Fig. 3 shows the comparison of our numerical result with the experimental one, Our result can reproduce the experimental one very well. (The good fit at large angle may, however, be accidental in view of our fundamental assumption.)
In Fig. 3 the solid curve shows the result obtained by using the sticking factor Ss-s, The dotted curve shows the result obtained by using the sticking factor S's-s. The agreement of the numerical result with the experimental one is not bad for the simplifying assumptions introduced in § 2. In what follows, we shall argue that our result may be the best attainable one, if we stand on the impulse approximation, which is expressed by eq. (3, 20) Equation (3·20) is expressed as the product of the sum of the amplitudes of the two-body scattering and the sticking factor. As seen in the previous section, our sticking factor Ss-s shows the lowest values among others for all angles. Then if we adopt other sticking factors without varying the two body scattering amplitudes, Curve I: The sum of the two-body scattering amplitudes are calculated using the phase shifts analysed meSOn theoretically. Curve II: The sum of the two-body scattering amplitudes are calculated by using the phase shifts analysed by Gammel and Thaler. In both curves, the sticking factor is S8-8 in the text. S8-/'! is obtained by using the deuteron wave function compatible with the meSon theoretical potential.
the discrepancy between the experimental and the numerical results becomes more serious. 
Q(O)
gives the measure of the interference. By definition, the nume-___ rical value of this quantity is free from the sticking factor. Hence this ": quantity directly discriminates good two-body phase shifts from various ones. Curve I is the calculated value of Q( () by using the phase shifts suggested by meson theory. Curve II shows the calculated value of Q(() by using the phase shifts analysed by Gammel and Thaler. The shadowed region shows the experimental result.
Next we shall examme the two-body scattering amplitude with the fixed stickmg factor. For comparison, we choose the phase shifts of two-body scattering analysed by Gammel and Thaler8). Gammel and Thaler* got their set of phase shifts using the entirely phenomenological potential, whereas Tamagaki et a1. got their set of phase shifts standing on the meson theoretical potential. In spite of the difference of the potentials which both groups used to calculate the phase shifts and the difference of values between both sets of phase shifts, the calculated results of the n-d elastic cross section are very similar in their gross aspects and both can reproduce the experimental result very well. See Fig. 4 . Naturally, the magnitude of the interference term of n-j) and J7-JZ scattering are quite different for all angles for both sets of phase shifts. But it is the sticking factor that makes both results so similar. The sticking factor acts to lTlask the difference of this interference term for both sets.
Then the best way of comparIson will be to use the quantity * Gammel and Thaler say that they used Blatt-Biedenharn's formulae to calculate the nuclear phase shifts. But when we follow Blatt-Bidenharn's formulae we find the signs of the mixing parameters EJ different from theirs, that is, opposite to their signs of E.T. Some difference between the calculated values of this paper and of our previous note 7 ) comes partly from this point, partly from slight numerical errors contained in the previous note and finally the sticking factor adopted. These points are corrected in the present paper. 
This factor is independent of the sticking factor. \Vhen the interference is constructive, 0 (0) is greater than 1. \Vhen the interference is destructive, Q (fJ) IS smaller than 1. In Fig. 5 Curve I is the calculated value of Q (0)
by using the phases suggested by meson theory. Curve II shows the calculated value of 0 (tJ) by using the phases analysed by Gammel and Thaler. The shadowed region is the experimental result*. From this figure we see that Curve I is very close to the experimental result. On the other hand, Curve II is not so good as Curve I.
--20 Then we can conclude that our numerical result expressed in I"'~ig. 3 may be the best attainable result. Hence, the two body phase shifts and the deuteron wave func90Mev nod scattering tion suggested by meson theory Curve I is calculated by using the meson theogives the best fit to the experiment. retical phase shifts of the two-body scattering.
(b) The jJolarization
Curve II is calculated by using the phase shifts Next we shall investigate the analysed by Gammel and Thaler. polarization. The polarization is defined by P (fJ). Since both P (0) I (0), expressed by (4 . 1), and 1(0), expressed by (3·20), have the form of the "dynamical" factor times the sticking factor, P (tJ) is independent of the sticking factor. I-Ience in P (0) the difference of the nature of chosen sets of phase shifts will appear explicitly. This is shown in Fig. 6 . This difference is exaggerated by the plot P(f) Isin t] vs O. See Fig. 7 . At 30°, ,the difference of P (0) I ((i) for both sets of phase shifts is only 3 mb,17) and the difference in the plot of Pet]) is 10%, but the difference in the plot P(O) Isin (j vs (j amounts to about 40%.
* We used I(O),,-rl by Chamberlain et a1. 26 ) As for 1(0)"" and I(O)n_p, we used the values cited in Gammel's paperS). Here we take our S8-8 as the sticking factor. This is the reason why we obtained so much different values for our "experimental" Q (0) from.::1 by Chamberlain et al.
In Fig. 8 We see that the polarizations of n-n and n-p scattering interfere constructively at all angles. This is common to both sets of phase shifts. Unfortunately, we have no experimental results to be compared with. The experimental results 27 ) at higher energies suggest that the impulse approximation will reproduce the experimental results well at small angles. But meager results are expected at large angles. Anyhow, the precise experiment on the polarization may serve as the further test of discriminating the chosen sets of phase shifts, as was seen in Figs. 6, 7 and 8. § 7. Conclusion 1) The impulse approximation can well reproduce the experimental result of the differential cross section in the region 8:S90° near 100 Mev neutron energy.
2) The phase shifts and the deuteron wave function derived by using meson theory may give the best fit among others.
3) The impulse approximation will be expected to reproduce the polarization at small angle also well. The experiment on the polarization may serve as the further test for discriminating various sets of phase shifts.
4) The examination of the off-energy shell contributions is left untouched. This effect is expected to be small at small angles. The examination of this effect .
. AnL "~J Fig. 8 . Plct of the quantity T(fJ) defined by (6·2) in the text. From this figure we see the polarization of n-n and n-p scatterings interfere constructively.
1.5
Curve I and Curve II correspond to the calculated results in Fig. 4 . 5. 6. 7.
